Abstract. Loop-mediated isothermal amplification (LAMP) is a novel, sensitive, and rapid technique for detection of genomic DNA. The end-product of the technique is a white precipitate of magnesium pyrophosphate that is visible without the use of gel electrophoresis. The LAMP method was applied to the detection of canine parvovirus (CPV) genomic DNA. A set of 4 primers, 2 outer and 2 inner, were designed from CPV genomic DNA targeting the VP2 gene. The optimal reaction time and temperature for LAMP were determined to be 60 minutes and 63ЊC. On the basis of results for 50 canine fecal samples using polymerase chain reaction (PCR) analysis as the gold standard, the relative sensitivity of LAMP was 100% and the relative specificity was 76.9%. The detection limit of the LAMP method was 10 -1 median tissue culture infective doses (TCID 50 )/ml, compared with 10 TCID 50 /ml for PCR analysis. In addition to the advantage resulting from visual detection of the end product, the LAMP method is very rapid, requiring only 1 hour to complete. This assay would be a viable alterative to PCR analysis for diagnosis of CPV infection in dogs. The LAMP method holds promise for use as a diagnostic assay for CPV detection in a clinical setting.
Canine parvovirus (CPV), a member of the Parvoviridae family, was first identified in 1978. The virus is now an epidemic enteric pathogen of dogs worldwide. 4 It has a single-stranded DNA genome length of about 5,200 nucleotides, with 2 promoters. The virus expresses 2 structural (VP1 and VP2) and 2 non-structural (NS1 and NS2) proteins through alternative splicing of viral mRNAs. 8 The virus causes a highly contagious disease that can rapidly spread through a population of dogs. Early and rapid diagnosis is necessary so that infected dogs can be isolated and supportive treatment can be administered to reduce morbidity and mortality. 10 Clinical diagnosis of CPV infection is difficult because the main clinical signs of disease (vomiting and diarrhea) are common to other enteric diseases. 5 Several methods have been used to detect CPV, its proteins or nucleic acids, and include: electron microscopy (EM), virus isolation (VI), latex agglutination (LA), hemagglutination (HA), in situ hybridization (ISH), ELISA, and polymerase chain reaction (PCR) analysis. 2, 3, 6, [10] [11] [12] Although EM and VI are highly specific and sensitive, they often are too time consuming and expensive for routine use in a clinical setting. The LA is a rapid test, but it lacks specificity. The HA lacks reliability without a confirmatory inhibition test, and has the additional disadvantage of requiring a continuous supply of fresh erythrocytes. 10 The ELISA is one of the most practical methods for rapid diagnosis of CPV in feces, but it may be less sensitive than EM. 11 Polymerase chain reaction analysis has been widely applied for laboratory diagnosis because of its sensitivity and specificity. 6, 11 This assay is also rapid, requiring only 2 to 4 hours for detection of viral nucleic acid, but can only be done in a diagnostic or commercial laboratory with access to specialized equipment not common to veterinary clinics. A new technique called loop-mediated isothermal amplification (LAMP) involves auto-cycling strand displacement DNA synthesis carried out by use of a DNA polymerase with high strand displacement activity and a set of specific primers that recognize a total of 6 distinct sequences in the target DNA. This technique amplifies the target DNA sequence with high selectivity; the assay can be completed within 1 hour, has high sensitivity, and produces an end product that is visible to the naked eye. 8 The purpose of the study reported here was to adapt the LAMP technique for the detection of CPV DNA in dog fecal samples. A set of highly specific primers were designed and used for detection of CPV using LAMP, and the results were compared with those from a conventional PCR assay now used to detect CPV nucleic acid in fecal samples from clinically ill dogs.
Fifty fecal samples were obtained from 50 dogs of either sex (various breeds and ages) suspected of being infected with CPV during [2003] [2004] . Fecal samples were collected with a sterile swab, immersed immediately in a 1.5-ml tube containing 400 l of Tris-EDTA buffer (10 mM Tris-HCl, 1 mM EDTA, pH 7.4) and stored at Ϫ20ЊC until used. A CPV-2 a reference Percentage of observed agreement: (37 ϩ 10)/50 ϭ 94.0%. Relative sensitivity: 37/37 ϭ 100%; relative specificity: 10/13 ϭ 76.9%. Kappa ϭ 0.83 (very good).
strain was propagated in a canine kidney cell line b and was used as a positive control. The DNA was extracted from fecal samples and from CPV-infected (positive control) and noninfected (negative control) cell cultures using the DNAzol c extraction kit according to the manufacturer's instructions. The isolated DNA was used as template in the LAMP and PCR assays.
The LAMP technique was performed as described. of Bst DNA polymerase, e and 2.8 mM each dNTP), 1 l of target DNA, and 7.5 l of distilled water. To determine the optimal temperature for the LAMP assay, the primer and sample mixtures were incubated at 65ЊC for 15, 30, 45, and 60 minutes and, at the end of each incubation period, the reaction was terminated by heating at 80ЊC for 10 minutes. f The reaction temperature was optimized (60, 63, and 65ЊC), and LAMP was carried out for a predetermined period (60 minutes). The LAMP end product (5 l) was analyzed by gel electrophoresis with a 1.5% agarose gel.
Polymerase chain reaction analysis was carried out using a primer set designed in a previous study 2 -P1: 5Ј-ACTATGCCATTTACTCCAGCA-3Ј, and P2: 5Ј-TCCTGTAGCAAATTCATCACCT-3Ј-yielding a PCR product of 249 base pairs (bp). The reaction was performed in a thermal cycler f as follows: initial denaturation at 94ЊC for 10 minutes, 35 cycles of template denaturation at 94ЊC for 30 seconds, primer annealing at 52ЊC for 30 seconds, primer extension at 72ЊC for 30 seconds, and postextension at 72ЊC for 7 minutes. Ten microliters of the amplified PCR product was electrophoresed in a 2% agarose gel, stained with ethidium bromide, and visualized under UV light.
A 10-fold dilution series, CPV-DNA (10 4 TCID 50 /ml to 10 -2 TCID 50 /ml), was tested by PCR analysis and LAMP using the aforementioned conditions. After the reaction, LAMP products were visualized by electrophoresis with a 1.5% agarose gel. The sensitivity and specificity were compared between the 2 assays of this study. The agreement between the LAMP and the PCR analysis was assessed by use of kappa statistics. 1 The LAMP and the PCR analysis were standardized with CPV DNA extracted from the tissue culture-propagated CPV reference strain. Using the 10-fold dilution series, the detection limit of LAMP was 10 -1 TCID 50 /ml (Figs. 2A, C) , whereas the detection limit of PCR analysis was 10 TCID 50 /ml (Fig. 2B) .
Using PCR analysis, 37 of 50 fecal samples (74.0%) were positive, whereas 40 of 50 fecal samples (80.0%) were positive by LAMP (Table 1) . Thirty-seven fecal samples (74.0%) were positive by both PCR analysis and LAMP; 3 samples (6.0%) were positive by LAMP and negative by PCR analysis; no sample (0%) was positive by PCR analysis and was negative by LAMP; and 10 (20.0%) were negative by both tests. The relative agreement between the 2 tests was 94.0%, and the agreement quotient (kappa), which measures agreement beyond chance, was 0.83.
In recent years, PCR analysis has gained popularity for CPV detection because of its sensitivity, specificity, and rapidity, compared with conventional methods such as EM, VI, LA, HA, and ELISA. However, PCR analysis is technically demanding and requires up to 4 hours to complete. In this study, a novel method called LAMP was used to detect CPV-DNA in canine fecal samples. Lanes: M ϭ 100-bp DNA ladder (Bioneer, Korea); 1 ϭ 10 4 median tissue culture infective doses (TCID 50 )/ml; 2 ϭ 10 3 TCID 50 /ml; 3 ϭ 10 2 TCID 50 /ml; 4 ϭ 10 TCID 50 /ml; 5 ϭ 1 TCID 50 /ml; 6 ϭ 10 -1 TCID 50 /ml; 7 ϭ 10 -2 TCID 50 /ml; 8 ϭ negative control without target DNA.
When LAMP was carried out using CPV-DNA as template to determine the optimal temperature and time of reaction, the product was formed at 63 and 65ЊC. However, 63ЊC was used as the optimal temperature because the higher temperature increases the specificity of the detection (data not shown). Product amplification was not obtained at reaction times of 15 and 30 minutes. However, at 45 and 60 minutes, amplification at 63ЊC, a precipitate, and many bands of various sizes from approximately 200 bp distributed to the loading well were produced (data not shown). Although well-formed bands could be detected at 45 minutes, test conditions were optimized for 60 minutes at 63ЊC.
The LAMP technique offers several advantages over PCR analysis for the detection of CPV-DNA in dog feces; the assay requires only 2 hours to complete and is a sensitive method that can amplify a few copies of DNA to about 10 9 molecules in Ͻ1 hour under isothermal condition. 7, 8 When used to detect CPV DNA in a control sample, the LAMP technique had 100-fold higher analytical sensitivity than did PCR analysis (10 -1 TCID 50 /ml versus 10 TCID 50 /ml). The correlation between PCR analysis and LAMP for testing of fecal samples was considered very good (94.0% relative agreement; k ϭ 0.83). The only discordant samples were the 3 that were positive by LAMP but negative by PCR analysis. These results indicate that the sensitivity of LAMP for CPV detection was very high. On the basis of the higher analytical sensitivity of the LAMP, it is likely that the 3 discordant samples may be test-positive samples that fell below the detection limit of PCR analysis.
The highly sensitivity and rapidity of LAMP-based CPV detection make this technique a useful tool for CPV diagnosis. In addition, the reaction does not require a thermal cycler, and is, therefore, potentially useful in field veterinary clinics. 
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